Abstract. The article contains descriptive statistics on rainfall in an area of the southern part of the last ice age in Europe, and which now comprises the north-eastern part of the Poland. The study covers the period of 1981-2010.
Introduction
Precipitation is the most dynamically changing element of the atmosphere, both in the weather and climatic context (Kuchar, Otop 2004; Orlińska-Woźniak et al. 2013 ). As it is one of the most important factors that determine the values of the environment, knowledge of the volume and distribution of precipitation is extremely important for the environment, agriculture, health protection, tourism, as well as in relation to industrial risk and individual hazards for people. The importance of precipitation makes research in this field important not only in its current state but also in the future, in the context of climate change. Climate change increases stresses on water resources in some watersheds, but decreases them in others (Arnell 2004) . These findings, though interim and preliminary, highlight the growing challenges for water resource managers and highlight the need to explicitly address potential changes in climate and water use when developing future water management plans (Arnell 2004; Lehner et al. 2006) .
North-eastern Poland, as a part of the area covered by the last ice age (the so called upper glacial), belongs to the complex of areas with a higher volume of precipitation than the mean for the whole country (Banaszkiewicz et al. 2004a (Banaszkiewicz et al. , b, 2006 Suchecki et al. 2011) and, thus, the agricultural area includes a relatively large proportion of permanent grassland, and the scale of precipitation and its distribution does not present a substantial obstacle to the development of other business activities (Szwejkowski et al. 2002 Grabowska et al. 2004; Dragańska et al. 2005) . The topography and the large number of natural water reservoirs, as a result of ice cap activity, neutralise the impact of sudden precipitation and spring thaws on the risk of flooding. However, floods do occur in Żuławy, located in the Vistula delta, although they are mainly caused by the mechanism of the so-called "cofka" ("outflow") into the Vistula and Nogat rivers from the Baltic body. Moreover, local flood risks occur in the main river beds of the Łyna, Drwęca and Pasłęka (ISOK 2014) . Thus, this region stands out from other flood-threatened region sin Poland (Szalińska et al. 2014) .
This paper presents the course of characteristics in the region over the last thirty years, including the first decade of the 21 st century; its objective is to search for an answer to the question of how the hydrological elements of the atmosphere will change in the next phase of progressive and global climatic changes.
Methods
The records of daily values of meteorological elements between 1981-2010 from the stations located in the area included in the analysis were the basis for the paper. The selected area is neither a separate geographical unit nor an administrative unit. However, it constitutes a part of Poland that is situated on the right side of the lower course of the Vistula River, with a conventional border on the south outlined roughly by Pojezierze Brodnickie, Wzniesienia Mławskie, Równina Kurpiowska, Pojezierze Ełckie and Równina Augustowska (Kondracki 1994 ). The selected area, which is conventionally referred to as North-Eastern Poland, was chosen -as an area converted by glaciers in the last ice age -and was based on the location of six meteorological stations administered by the Institute of Meteorology and Water Management: Elbląg, Kętrzyn, Mikołajki, Mława, Olsztyn and Suwałki. The data used in the present analysis were obtained at these stations.
All sets of data used in the analysis were checked for completeness and tested for homogeneity. The accuracy and reliability of the data were verified.
The analyses included daily precipitation sums. The basic values were processed with descriptive statistical methods 1 and compiled in appropriate tables. Precipitation was described with monthly and annual sums. Their time variability (tendency) was also determined. The relative value of precipitation was evaluated with the models developed by Przedpełska (1971) and expanded with authors assumptions. An approximate index describing the fulfilment of environmental requirements for precipitation was established, based on known indices, such as periods without precipitation lasting longer than 10 days, the Standardized Precipitation Index (SPI), the Selaninov Index, the intensity of precipitation, and the frequency of precipitation with thunder.
Results
The annual precipitation sums in the selected areas were distinctly variable (Table 1) . The highest annual means in the three-decade period at 700.1 mm were recorded in Elbląg, which is in the location closest to the Baltic Sea shore. The lowest precipitation was reported in Mława (on average 555.3 mm per year), which is situated in the southern part of the selected area and which directly neighbours part the Polish Lowland (a climatic area with the lowest precipitation in Poland). In the central and eastern part of the region, the average annual precipitation in 1981-2010 exceeded 600 mm and ranged from 601.1 in Kętrzyn to 637 in Olsztyn. In the vast majority of cases, the highest precipitation sums were recorded in the last decade of the examined period, i.e., from 2001-2010. In addition, there was a noticeable progression of precipitation (though this did not repeat at all measuring points) from one decade to another. By analysing the means for decades in different locations in the region it can be seen that they stayed within certain limits typical of a specific area. The course of isohyets reveals major regularity, which indicates the direction of spatial changes of the annual average precipitation sums. This direction signifies a decrease in precipitation sums from the north-western region towards the east and south-east (Fig. 1) . The decade 1991-2000 is a departure from this rule. The area demonstrates a certain proportion of continental climate characteristics; these show typical seasonal differences in the annual distribution of precipitation. The highest precipitation occurred in summer, from June to August, whereas the lowest was from December to April. The highest monthly values in the three-decade period were recorded, with some exceptions, in June. In this month, the average precipitation in Elbląg was highest and reached 81.9 mm. Relatively low means in August were recorded in Mława, Olsztyn, and Suwałki, amounting to 58.0, 65.5, and 69.2 mm, respectively. The values recorded in July were intermediate. The lowest monthly precipitation sum, on average for the period 1981-2010, was recorded in February in Kętrzyn (only 28.5 mm). For the other months, the mean for three decades ranged from 40 to 50 mm and the upper limit approximated 65 mm only in Elbląg. The minimum and maximum of monthly precipitation, considering the individual decades, were 20.1 mm (February 1981 -2010 in Kętrzyn) and 104.0 (June 1981 -2010 in Mikołajki), respectively. The precipitation sums decreased or were lower in June decade by decade, in relation to the first decade, in all locations, whilst in July and August the situation was the opposite: the highest values were always recorded in 2001-2010. The situation in winter and spring was not unambiguous, yet in the majority of cases the highest precipitation was recorded in the second decade (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) . In autumn, a slightly higher proportion of decadal means was recorded in the last decade. The sums of annual precipitation in the multi-annual period demonstrated a seasonal variability from year to year, with longer cycles being more rarely recorded. The course of a variability line for annual precipitation demonstrates that, in most cases, the highest precipitation in the annual scale was recorded at the beginning of the examined period (1981) , and also in 2007. The driest years were : 1986, 1990, 2004, and 2006 . Apart from this general statement, there were some differences at the individual stations. The statistical analysis did not demonstrate any significant tendency towards increasing or decreasing yearly sums of precipitation, putting aside the significance of the r-Pearson's Index.
In a monthly depiction, there are some examples of statistically significant tendencies indicating increases of precipitation in the multi-annual period. In such cases, however, as opposed to temperatures, there are fewer of them, and a certain degree of regional repeatability only concerns February (4 significant growth from 0.6 to 0.7 mm/year, out of 6 cases). Two locations demonstrated a significant increase in August, and one did so in May.
Based on the relative precipitation index according to Przedpełska (1971) , it may be said that for most cases the annual precipitation sums remain within the range of normal conditions. The number of years with sums below 75% of the multi-annual norms was found to be very small. Such situations were reported from 1 to 3 times in the years 1981-2010 (Table 3) . Specifically, this concerns 1982 (depending on the location) and the years 1991 and 1996. The years with the highest precipitation sum include those in which the annual sums constituted not more than 131% of the multi-annual sum. In general, in the years with high precipitation, the norm was exceeded by 10-20%. On a monthly scale, the situation was more complicated; the extremely low precipitation as the means for the multi-annual period was lower than 25%. The maximum exceedances of the norm in plus were by over 200%. In general, low precipitation was typical of April, September, and October. There were, however, departures from that rule at individual meteorological stations. The first month of the vegetation period, mostly April, was very variable in precipitation and the year that stood out with a sum higher than 200% of the norm was 1994 in all locations; in April, however, there were also cases of very high precipitation, especially in 1999, when over 300% of the norm was recorded in Olsztyn and Mława. The middle periods of the year were driest in each decade and in all locations, but April 2009 was found to be the driest month in almost all locations, with sums ranging from 5% to 30% of the norm in Elbląg and Olsztyn, respectively. There were cases of serial springs that were dry or very dry in April, when the monthly sums did not exceed 75% of the multi-annual In some cases, however, the sums lower than 75% of the norm which occurred in a series of years with an uneven distribution in time presented a problem -for instance, for agricultural production. June was drier than May in the analysed three-decade period. In July and August, the situation was markedly diversified. In the subsequent years following 1991, precipitation was below the norm by at most 30%, yet even in those months with the highest multi-annual averages, there were cases of the norm being exceeded by 100% or more. Apart from 2001, such a situation did not occur at the same time in all locations; on the contrary, such cases were recorded for each situation in a different year. September and October were most variable in the precipitation sum year-to-year when the norm was exceeded by up to 200%, alternating with situations when the precipitation level was a few per cent of the norm. In 1992, in all locations, the norm for September was exceeded twice. In September 1995, at the station located in Mława, rain meters showed a record-high overrun of the multi-annual norm, amounting to 400.6%. The winter period also demonstrated a varied picture of the situation. Precipitation in December (predominantly snow) had decreasing sums in the three-decade period. As a result, a sort of regularity appears for December, namely, the relative values are higher in the first ten-day period than in the second and third ones of this month, especially in [1985] [1986] [1987] [1988] [1989] [1990] . In January, a clear overrun of the multi-annual norm was recorded in 1983 and in 2007. A series of much lower precipitation occurred in January in 1996-1997. The precipitation that was higher than the norm in February was typical of 1995-2000. A precipitation sum does not always correctly indicate a level of water in the environment that signifies deficits or surpluses in relation to needs, especially for cultivated plants. Longer periods without precipitation are most troublesome for the biosphere, especially at higher positive temperatures. Therefore, included in Table 4 are the values indicating the number of incidents and the duration of periods without precipitation during plant vegetation from April to September. This data shows that the frequency of periods lasting longer than 10 days was from 50 to 59 of such incidents in the three decade-long periods , with the highest number recorded in Kętrzyn and Mikołajki (the central part of the region) and the lowest recorded in Elbląg. In this case, the average annual frequency of such periods approximated two. The variability indices for this characteristic of the climate over the threedecade period, were 1.53 per year at their maximum (Olsztyn, Mława), but they were generally lower, at 1.16-1.28 per year. There was no statistical tendency for a change of the situation over time, which is demonstrated by exceptionally low R 2 values. The periods lasting for over 10 days with no precipitation were evaluated, and the longest average period without precipitation in the region over the three-decade period was recorded in Suwałki -15.31 days, while the shortest was in Mikołajki (14 days). The absolutely longest period, lasting 39 days, was also recorded in Suwałki and Mława. Periods without precipitation were preceded by precipitations that were higher. When a period without precipitation was preceded by a 60-day precipitation sum lower than 40 mm, the situation was then perceived as very bad. The worst situation, when 14 of the 58 dry periods were preceded by a very low sum of precipitation, was noted in Kętrzyn. In Suwałki this relation ratio was 6:52. The SPI is an index based on the probability of recording a given amount of precipitation, and the probabilities are normalised so that an index of zero indicates the median precipitation amount -half of the historical precipitation amounts are below the median, and half are above the median (Bąk, Łabędzki 2002) . The index is negative for drought, and positive for wet conditions. As the dry or wet conditions become more severe, the index becomes more negative or positive. The SPI is computed for several time scales, ranging from one month to 24 months, to capture the various scales of both short-term and long-term drought (Dubrovsky et al. 2009 ).
Although the SPI was calculated for the months of the vegetation season for the whole three-decade period, Table 5 presents only a summary of these calculations as the basic statistics. According to this criterion, the deepest dry periods occurred in May regardless of the location, with the record-low value recorded in Mikołajki (-4.22).
The maximum values of SPI were reported in June and the absolute value for this month and the whole examined period, i.e. 2.55, was generated with a calculation for Elbląg in June. In general, the average SPI values for 1981-2010 were slightly below zero in May and June and slightly below zero for parts of August, September and October (in the latter case only in Elbląg). April and July were, on average, the months without symptoms of drought in all locations in the region. According to this indicator, there was a low variability in relation to the other parameters over the period of thirty years (the variability index: from 0.89 to 1.11). Higher values of variability were recorded in May and June and lower values were recorded in July. There was no statistically proven tendency of variation over time, as confirmed by the values of R 2 and linear equations of the SPI index in time, presented in Table 5 . The Selianinov Index most comprehensively describes humidity conditions in relation to the needs of the environment. By using this criterion, the volume of precipitation is determined as well as the potential for its use by plants, depending on the thermal conditions. Table 6 includes only the average values for the decades and the total value for thirty years. From this perspective, actual situations in the individual months are not visible, but it can be concluded that the average values indicate a situation that reflects a good provision of water on the decadal scale. However, the numbers that are in each case higher than one were generated by averaging this index for the ranges from 0.3 to over 4. Based on this, only one generalisation can be made -that the hydrothermal system was most beneficial over the three decades in August to September, whereas it was the worst from April to May.
In terms of its utility value for the environment and potential hazards, precipitation differs markedly. Low intensity of precipitation is associated with substantial water loss, especially at high temperatures, while high intensity is dangerous to cultivated plants, increases the risk of erosion or can cause flooding. The analysis of this situation was performed by determining the frequency of precipitation in different ranges of the daily sums (unfortunately, there is a lack of data that would allow for the estimation of the actual values of precipitation intensity per hour) and the results are compiled in Table 6 . Precipitation sums in the range 5.1-10 mm were the most common. The occurrence of such a situation decreased from over 60%, and in Mława from over 70%, in the first and second decade to below 50% in the third decade. This tendency coincided with an increase in precipitation incidents in the range from 0.1 to 5 mm over a day. This tendency is confirmed by the results recorded for Poland (Łupikasza 2010) . Here, a downward trend was found in the occurrence of days with high daily precipitation totals in Poland over the years . The frequencies in the ranges from 10.1 to 20 mm and from 20.1 to 30 mm also significantly decreased. Precipitation over 30 mm was extremely rare and no precipitation incidents below 1% were recorded. Cases of precipitation with the higher intensity over 70 mm per day were very rare. Such incidents did not occur in Mikołajki and there were up to 0.03% of such incidents in Elbląg (which indicates, in practice, a maximum of 2 such situations over thirty years recorded in the region of a given meteorological station). In general, almost two-thirds of the cases over thirty years were less intensive precipitation (not presenting a risk to the environment), which created good conditions for their practical usage. Extremely low precipitation (below 5 mm) constituted slightly over 20% of the situations, and more intensive precipitation (from 10 to 20 mm) occurred with a 10% frequency. There were no significant spatial differences in the region, apart from a slightly higher proportion of precipitation from the most common range. The total number of days with precipitation in relation to the total number of days in the three decades was 66% in the whole region.
Full comprehensive assessment of moisture conditions is possible only after taking into account the transpiration field (Bac, Kuchar 2001; Bac et al. 2008; Dubrovsky et al. 2009; Orlińska-Woźniak et al. 2013) . Unfortunately, there is sufficient data for the calculation of this type in all locations.
Rainfalls with thunder are a separate category of precipitation, as it is characterised by high intensity combined with fierce winds. The highest daily precipitation totals recorded in Poland are formed in connection with the activity of Mediterranean cyclones, especially in summer (Degirmendžić, Kożuchowski 2015) . Rainfalls with thunder can therefore be regarded as a class of extreme climatic events. In many cases, these situations are detrimental to the environment as they are destructive to vegetating plants (e.g. they cause cereal and rape lodging). In the analysed region, thunder occurred throughout the year, but its nature and number was much lower in winter and autumn, and spring. It was found that the number of thunder events decreased in the over the decades of the thirty-year period. In 1981-1990 and 1991-2000 , the number of thunder storms was twice as high as in 2001-2010. On average, there were slightly more thunder storms in Elbląg and Mikołajki, with the lowest number recorded in Kętrzyn. In the annual arrangement, the period from May to August is thought to be a typically thunder storm season when from 4 to 7 incidents were recorded on average in the first two decades, whereas this number amounted to 3 to 5 in the last decade. It is very probably that the circulation situation had an impact on precipitation (BielecBąkowska 2003). The data presented above, accompanied with the analyses, describes how, on a very small scale, it is not possible to provide a clear answer to the fundamental question about precipitation in the future. However, some indicators of rain tendency seem to fit well with the trends described by those authors who have dealt with the problem of future precipitation across Europe. It is proven that precipitation trends since 1960 show an increase by up to 70 mm per decade in north-eastern and north-western Europe, in particular in winter, and a decrease by up to 90 mm per decade in some parts of southern Europe, in particular in summer (Klein et al. 2002) . Some of our results also agree with the results found by Casanueva et al. (2014) : in winter, both the mean precipitation and consecutive wet days present an upwards (downwards) trend in the north (south) of the continent, while in summer these two variables decrease (increase) in the west (east) of Europe. A general assumption is that the summer precipitation all over Central Europe (except along the coast of the Baltic Sea -see data about future tendencies from Elblag) will decrease, while in most cases Central Europe will most likely become wetter in the winter season. Despite these precipitation increases, the amount of snow and the area covered by snow are expected to decline due to warming (Anders et al. 2014).
Conclusions
• The spatial distribution of precipitation in the region indicated that the highest average annual values in the period of 1981-2010 (700.1 mm) were recorded in Elbląg whereas the lowest (555.3 mm) were noted in Mława; this proves a decrease in the precipitation sums from the north-western part of the region towards the east and south-east.
• The highest precipitation sums occurred in the last decade, namely, in 2001-2010 . Despite this, the statistical analysis did not demonstrate any significant tendency of precipitation change over thirty years.
• The summer precipitations (from June to August) were predominant in the whole region, while the lowest precipitations were recorded from December to April. On a monthly scale, there are some cases of statistically significant tendencies towards an increase in precipi- • The number of years with sums of precipitation below 75% of the multi-annual norm was very low, however the multi-annual means of precipitation for specific months in some cases were below 25% of the norm, but in some cases exceeded 00%.
• The frequency of dry spells lasting for over 10 days ranged from 50 to 59 incidents over the thirty years. The longest average period without precipitation in the region was recorded in Suwałki (15.3 days) whereas the shortest was in Mikołajki (14.0 days). • The average SPI values for 1981-2010 were slightly negative in May and June and partly slightly below zero in August, September, and October (in the latter case only in Elbląg). According to the average SPI index for the multi-annual period, April and July were the months without drought symptoms in all locations in the region. • According to the Selianinov Index, the hydrothermal system was most beneficial between August and September over thirty years, whereas it was the worst from April till May.
• The intensity of daily precipitation was moderate and in general stayed within the 5.1-10 mm range. The most intense rainfalls with thunder were visibly reduced in the last decade of the analysed period.
